OBJECTIVE
The study objective was to establish The American Association for Thoracic Surgery (AATS) evidence-based guidelines for the management of empyema.
METHODS OF REVIEW
The AATS Guidelines Committee selected management of empyema as a topic suitable for creation of a clinical guideline, and co-chairs (K. Robert Shen, MD, and Benjamin Kozower, MD, thoracic surgeons) were appointed and asked to form an Empyema Management Guidelines Working Group who would create empyema management guidelines for the AATS Guidelines Committee by April 2015. The co-chairs assembled a multidisciplinary group of experts including 5 thoracic surgeons, 1 interventional radiologist, 1 infectious disease specialist, and 1 interventional pulmonologist. Members were tasked with performing comprehensive literature searches and making recommendations based on a review of the literature. Members also graded the quality of the evidence supporting the recommendations and with assessing the risk-benefit profile for each recommendation. The level of evidence (LOE) was graded by the work force panel according to standards published by the Institute of Medicine (IOM; Figure 1 ). For the development of the guidelines, we consulted the recommendations of IOM 2011 Clinical Practice Guidelines We Can Trust: Standards for Developing Trustworthy Clinical Practice Guidelines (www.iom.edu/cpgstandards) 1 and followed the IOM recommendations without patient engagement.
Three scheduled teleconferences were used to organize the topics to be covered by the guidelines and review the literature review summaries and proposed recommendations. All meetings had agendas circulated beforehand and minutes circulated afterward. All of the conference calls were recorded by the AATS staff to improve transcription of notes. A 1-day face-to-face conference was then held to formally vote on the final recommendations to present to the Councilors of the AATS and review the final manuscript. All recommendations were subjected to a vote. Acceptance for the final document required greater than 75% approval of each of the recommendations.
The following recommendations are based on the best available evidence. When high-quality evidence was lacking, we present the best expert opinion based on best practices. An executive summary of these recommendations was prepared for publication in The Journal of Thoracic & Cardiovascular Surgery. A more extensive version of the guideline was prepared for online publication with additional data and a comprehensive list of references. bacterial pneumonia and subsequent parapneumonic effusion. Other causes of empyema include bronchogenic carcinoma, esophageal rupture, blunt or penetrating chest trauma, mediastinitis with pleural extension, infected congenital cysts of the airway and esophagus, extension from sources below the diaphragm, cervical and thoracic spine infections, as well as postsurgical etiologies. Empyema is an ancient disease that continues to be an important clinical problem. Despite the widespread use of antibiotics and availability of pneumococcal vaccines, empyema remains the most common complication of pneumonia and an important cause of morbidity and mortality worldwide. There are approximately 1 million patients hospitalized in the United States each year with pneumonia. Of those hospitalized, 20% to 40% have a parapneumonic effusion, and 5% to 10% of these parapneumonic effusions progress to empyema (approximately 32,000 patients per year in the United States). 2 Approximately 15% of these patients die, and 30% require surgical drainage of the pleural space. 3, 4 The incidence of empyema diminished significantly during the first half of the 20th century. 5 In the preantibiotic era, empyema was a complication of 5% of cases of pneumonia, but with the development and widespread adoption of antibiotics in the 1940s, the rate of empyema dropped to 2% of pneumonia cases 6 ; however, this trend changed in the 1990s, and the incidence of empyema in the United States has been increasing.
CLINICAL PRESENTATION Recommendations
1. Class I: The presence of a pleural effusion should be investigated in all patients presenting with signs and symptoms of pneumonia or unexplained sepsis (LOE B). 2. Class I: Failure of a community-or healthcare-associated pneumonia to respond clinically to appropriate antibiotic therapy should prompt investigations to identify the presence of a pleural effusion (LOE B).
Reasoning. Pleural fluid analysis is mandatory because patients with complicated parapneumonic effusions do not differ from those with simple effusions on the basis of clinical presentation. In a large randomized controlled trial, the median duration of symptoms before presentation was 2 weeks. 7 Anaerobic pleural space infections may present more insidiously with loss of appetite and substantial weight loss and are more likely in patients with poor dental hygiene and at risk for aspiration. [8] [9] [10] [11] Risk factors for progression to complicated parapneumonic effusion and empyema in patients admitted for community-acquired pneumonia include a history of alcohol or intravenous drug use. 12 Failure of pneumonia to respond clinically to appropriate antibiotic therapy within a few days should suggest progression to pleural space infection. 
IMAGING STUDIES Recommendations
1. Class I: Pleural ultrasound (US) should be performed routinely in addition to conventional chest x-ray (CXR) in the evaluation of pleural space infection, both for diagnostic purposes and image-guidance for pleural interventions (LOE B). 2. Class IIa: Computed tomography (CT) of the chest should be obtained when pleural space infection is suspected (LOE B).
Reasoning. Chest x-ray. Conventional CXR is often the most available imaging modality leading to the identification of a pleural space infection. A minimum of 175 mL of pleural fluid is necessary to result in blunting of the costophrenic angle on a posteroanterior film, although smaller effusions may be identified on a lateral view. 13 Smaller, loculated effusions may result in lenticular-shaped, pleural-based opacities visible on posteroanterior views but may be difficult to distinguish from underlying parenchymal consolidation. Traditional teaching suggests that lateral decubitus films should be obtained and pleural effusions >1 cm thick measured from the lateral chest wall should be sampled. However radiologically complex parapneumonic effusions, however, often are loculated and unlikely to layer dependently and may therefore be missed by conventional CXRs. In a recent study including 61 patients with CT-proven parapneumonic effusions, anteroposterior, posteroanterior, and lateral CXRs all missed approximately 10% of pleural effusions, in most cases due to the coexistence of lower lobe consolidation.
14 Although useful as a first step in the investigation of a pleural space infection, CXRs should therefore be combined with additional imaging. Pleural US. Pleural US has in the past decade become the cornerstone of imaging studies for the evaluation of pleural effusions. It is at least as effective as lateral decubitus CXRs to identify small pleural effusions and better than CXRs at estimating the volume of the effusion, while not being hindered by adjacent consolidations or intrathoracic structures. 15 The bedside availability of US, which can be performed competently by nonradiologists, makes it an ideal tool to guide safe and effective diagnostic thoracentesis. [16] [17] [18] Pleural US can in addition be performed at the bedside, allowing rapid evaluation in the emergency department or the intensive care unit. [19] [20] [21] Several ultrasonographic patterns have been described in a study including 320 patients, which correlate with pleural fluid characteristics. Complex septated, complex nonseptated, and echogenic pleural effusions typically are exudative, and homogeneously echogenic effusions correspond to hemorrhage or empyema. Transudative effusions are anechoic, but anechoic effusions may be exudative in 27% of the cases. Pleural thickening also is indicative of exudative pleural effusion. 21 Two studies suggest that increased septations as assessed by thoracic US may be predictive of clinical outcomes. 22, 23 Computed tomography. Contrast-enhanced CT with tissue phase is a valuable imaging tool in the assessment of pleural-space infections. In addition, it allows a detailed examination of parenchymal abnormalities and may reveal a cause for the pleural space infection, such as bronchogenic carcinoma, endobronchial foreign body, or esophageal rupture. Loculated empyemas, typically lenticular in shape and associated with compression of the adjacent lung parenchyma, generally can be distinguished from pleural based lung abscesses. 24, 25 Empyemas are associated with parietal pleural thickening in 86% and pleural enhancement in 96% of patients. 26 Concurrent thickening and enhancement of both the visceral and parietal pleural can lead to the ''split pleura sign,'' seen in 68% of empyemas. 26 High attenuation of the extrapleural adipose tissue in the chest wall suggests empyema and virtually excludes a transudative effusion. [26] [27] [28] [29] The presence of air bubbles within the pleural effusion in the absence of preceding pleural intervention is specific for a pleural space infection and may suggest resistance to chest tube drainage alone. 30 A pleural fluid thickness cutoff of 2 to 2.5 cm has been suggested to guide thoracentesis, because smaller effusions on CT are likely to resolve with antibiotics alone. 31, 32 Positron emission tomography and magnetic resonance imaging (MRI). Positron emission tomography does not appear useful in the diagnosis of pleural-space infections, because it does not accurately distinguish inflammatory from malignant pleural effusions. [33] [34] [35] MRI eventually may become an attractive alternative to CT. MRI is useful in distinguishing transudates from exudates and allows assessment of extension into soft tissues, such as in chest wall or spinal involvement. 36 General laboratory studies. Although pleural fluid analysis remains the single most important predictor of clinical outcomes, certain general laboratory data have been associated with an increased likelihood of progression to a pleural space infection in patients admitted for communityacquired pneumonia (see the section ''Clinical Presentation'') and should be investigated: hypoalbuminemia (<30 g/dL), hyponatremia (<130 mmol/L), and elevated C-reactive protein (>100 mg/L). 12 Blood cultures are positive in a minority of patients with pleural-space infection. Thoracentesis: Technique and sample processing. There is in general no possibility to predict based on imaging alone whether a parapneumonic effusion will have a complicated clinical course and therefore diagnostic thoracentesis is indicated in all suspected parapneumonic effusion when the pleural fluid thickness is >1 cm on CXR and >2 cm on CT. 37, 38 Loculated and large pleural effusions, however, are likely to be associated with a complicated clinical course irrespective of pleural fluid analysis. 39, 40 In addition, several studies have demonstrated that pleural fluid analysis may substantially differ from one locule to another, limiting the value of pleural fluid analysis in this instance. 8, 41, 42 Diagnostic thoracentesis should be performed with US guidance to reduce the risk of pneumothorax. [16] [17] [18] A frankly purulent appearance obviates the need for pleural pH analysis. The pleural fluid pH (see the section ''Pleural fluid analysis and biomarkers'') should be measured with an arterial blood gas analyzer within 1 hour of sampling. [43] [44] [45] Residual lidocaine, heparin (decrease), or air in the syringe (increase) may affect the pH results in a clinically meaningful way. 43 Pleural fluid analysis and biomarkers. In general, purulence of the pleural fluid or a positive Gram's stain or culture from the pleural fluid establishes the diagnosis of empyema and should prompt tube thoracostomy drainage, 38, 46, 47 although exceptions may occur. 48 In the absence of these factors, a large meta-analysis suggests that pleural pH <7.2 is the next most useful predictor of a complicated clinical course in the absence of adequate chest tube drainage. 49 If pleural pH is not measured, a pleural fluid glucose value <40 mg/dL should prompt chest tube drainage. 38, 49 Likewise, a pleural fluid LDH value >1000 IU/L is also predictive of the need for tube thoracostomy. 38, 49 An additional rare situation is that of pleural space infections caused by urease-splitting organisms such as Proteus species, which may result in a spuriously elevated pleural pH. Reasoning. Choice of empiric antimicrobials should be guided by clinical history, local antimicrobial resistance patterns, antimicrobial stewardship policies, and pharmacologic properties of antibiotics. For patients with community-acquired pleural empyema in whom the risk for methicillin-resistant S aureus and highly resistant gram-negative infection is low, a second-generation or a nonpseudomonal, third-generation cephalosporin (eg, ceftriaxone) or an aminopenicillin with b-lactamase inhibitor (eg, ampicillin/sulbactam) will provide activity against the most commonly identified organisms. [54] [55] [56] [57] [58] Anaerobic organisms should be treated empirically and, whereas ampicillin/sulbactam is active against a range of anaerobes, ceftriaxone requires the addition of an agent such as metronidazole. Clindamycin is a suitable alternative to metronidazole for most upper gastrointestinal and respiratory anaerobic infections. 59 Even when there is a positive, monomicrobial, aerobic culture to direct therapy, it often is reasonable to continue anaerobic coverage because of the frequency with which anaerobes infect empyemas and because of the inconsistent success at culturing these organisms. 60 Empiric antibiotics with activity against atypical organisms generally are not necessary. 60, 61 In the setting of hospital-acquired or postsurgical infection, vancomycin, cefepime and flagyl, or vancomycin and piperacillin/tazobactam (dosed adequately for P aeruginosa) will cover the added risk of methicillin-resistant S aureus and Pseudomonas. Vancomycin and meropenem may be indicated if there is a history or suspicion of extended spectrum b-lactamaseÀproducing organisms. Aminoglycosides are inactivated in empyema fluid and are not recommended. There is no evidence that direct administration of antibiotics into the pleural space increases microbial clearance or outcomes in comparison with systemic antibiotics alone. In many cases of slowly progressing or chronic empyemas, empiric therapy can be held until culture results are available for directed therapy. It is recommended that a infectious diseases consultation is undertaken to assist with diagnosis and therapy for chronic empyema.
LABORATORY AND PLEURAL FLUID ANALYSIS Recommendations
Duration of therapy for empyema has not been studied in comparative trials. A range of 2 to 6 weeks of antibacterial therapy for acute empyema is reported in the literature, and this Working Group recommends a minimum of 2 weeks from the time of drainage and defervescence. The final duration should be determined by the sensitivities of the infecting organism, the adequacy of drainage, and the response to therapy on follow-up. If the patient has responded to therapy, there has been source control, the isolated organism is susceptible to orally bioavailable agents, and the patient is tolerating oral intake, then a transition to oral therapy can be made. Chronic empyema should be managed in conjunction with an infectious diseases consultation.
ACUTE PLEURAL EMPYEMA: PLEURAL DRAINAGE Thoracentesis Recommendation. Class III no benefit: Thoracentesis without pleural drain placement is not recommended for the treatment of parapenumonic effusion or empyema (LOE C).
Thoracentesis is a useful tool in the management of uncomplicated pleural effusion and a recommended step in the diagnosis of complicated effusion. In the setting of known pleural infection, however, ongoing pleural drainage is regarded as a requirement for adequate treatment and thoracentesis alone, without pleural drain placement, is not recommended.
Image-Guided Drain Placement Recommendations. Reasoning. Drainage of infected material from the pleural space is a fundamental part of empyema treatment. Traditionally, tube thoracostomy has been performed with large-bore catheters, but no consensus exists regarding ideal drain size. Initial studies using smaller drains placed with imaging guidance reported success rates around 80%, which were favorable relative to success rates in earlier studies of large-bore drains. [62] [63] [64] [65] [66] A recent and widely cited study included 405 patients; it demonstrated equivalent success rates with the use of tubes 14-F and tubes>14 F. 67 Tube size in this study, however, was not randomized; it is likely that patients with more complicated effusions or effusions returning frank pus received larger drains. Based on this evidence, small-bore tubes have become an accepted alterative as first-line therapy in patients amenable to tube thoracostomy alone. 68 Expert opinion holds that small-bore catheters are ineffective in draining thick pus or extensively septated effusions; however, absent any randomized trials, the role of empyema stage in the success or failure of image-guided drain placement is unclear. Existing data are mixed. In an unblinded trial, the presence of sonographic septations was predictive of more aggressive treatment but did not specifically address the success or failure of tube drainage in this population. 23 In a study of 103 patients, success rates for US-guided small-bore drainage of empyema was greater when the pleural fluid was anechoic sonographically, indicating a lack of septation (92%), than when there was sonographic evidence of extensive septation (63%). 69 Another study, however, did not find the imaging appearance of empyema to be predictive of success or failure of tube drainage. 70 A case series has described the successful use of small-bore tunneled catheters in 2 patients with chronic complicated empyema who were not candidates for further surgery. 71 Further study is needed regarding on the role of empyema stage on the success of tube thoracostomy as a first-line therapy.
The primary causes of drain failure are occlusion and dislodgement. Drain occlusion occurs more commonly with empyema than with uncomplicated pleural effusion or pneumothorax, with reported blockage rates typically from 11% to 30%, 72 with one relatively large study demonstrating a blockage rate of 64% in their empyema subgroup. 73 Because of the high rate of drain blockage, drain flushing generally is considered routine. 68, 72, 74 Ideal frequency and volume of flushing are not well established, but in one study, flushing with 20 mL of sterile saline every 6 hours was shown to reduce occlusion rate. 75 Drain dislodgement also is common. 75, 76 Although drain position usually is assessed by CXR, they can be insensitive in the detection of malpositioned tubes. 77 In patients treated with tube thoracostomy, CT is superior to CXR in identifying drain dislodgement or undrained pleural fluid. 72 Any undrained loculations should be pursued aggressively with additional or larger drains. Failure to achieve complete pleural drainage or failure of clinical improvement should prompt more aggressive management, including lytic therapy or surgery.
ACUTE PLEURAL EMPYEMA: INTRAPLEURAL FIBRINOLYTIC THERAPY Recommendation
Class IIa: Intrapleural fibrinolytics should not be used routinely for complicated pleural effusions and early empyemas (LOE A). Reasoning. Intrapleural fibrinolytics have been used to treat empyema and complicated pleural effusions for the past 65 years. 78 Because fibrin deposition and the formation of loculations and adhesions characterize the fibrinopurulent phase of empyema, it seems reasonable that fibrinolytic therapy may successfully treat this disease before there is an established pleural rind. This is an extremely important public health and healthcare use issue because the frequency of empyema continues to increase in the United States. 79 A systematic review of the literature in accordance with the Preferred Reporting Items for Systematic Reviews and Meta-Analyses identifies 8 prospective, placebo-controlled trials using fibrinolytics in the treatment of empyema and parapneumonic effusions dating back to 1997. 80 Table 1 illustrates the sample size, chest tube size, and type of fibrinolytic used in the 6 randomized controlled trials performed since 2000. [81] [82] [83] [84] [85] The 2 largest trials are the Multicenter Intrapleural Sepsis Trials 1 and 2 (MIST1 and MIST2). MIST1 showed that streptokinase increased the amount of pleural fluid drainage but was not associated with reduced mortality, frequency of surgery, or length of hospital stay. MIST2 demonstrated that the combination of intrapleural tissue plasminogen activator and DNase had a statistical and clinical improvement in pleural drainage and a reduction in hospital stay. In addition, there was a 75% reduction in the need for surgical intervention at 3 months.
A thorough meta-analysis on the utility of intrapleural fibrinolytic therapy published in 2012 concluded that fibrinolytic therapy potentially is beneficial in the management of parapneumonic effusions and empyemas in adults but that there is insufficient evidence to support the routine use of this therapy for all patents with parapneumonic effusions/ empyemas. 86 The authors carefully highlight issues with patient and treatment heterogeneity that confound the results.
The British Thoracic Society published guidelines on the management of pleural diseases in 2010. 68 They concluded that there was no indication for the routine use of intrapleural fibrinolytics in patients for pleural infection. That recommendation, however, was prepared before the MIST2 trial was published. Ultimately, the difficulty in synthesizing the available information lies in the heterogeneity of patients included in the studies and the various treatments used to treat their pleural space infections. Furthermore, the primary endpoint of most studies was the reduction of pleural fluid seen on CXR after the administration of intrapleural fibrinolytics. To truly create an informed guideline, it would be critical to know long-term outcomes such as pulmonary reserve after treatment and the amount of time before returning to full activity/work. There is a strong perception throughout many of these studies that surgical intervention is to be avoided. Under the care of a dedicated thoracic surgeon, a thoracoscopic or open intervention remains the gold standard for treating complicated pleural effusions/empyemas and those topics are covered separately in this statement.
ACUTE PLEURAL EMPYEMA: SURGICAL MANAGEMENT Recommendation
Class IIa: Video-assisted thoracoscopic surgery (VATS) should be the first-line approach in all patients with stage II acute empyema (LOE B). Reasoning. Once the decision has been made to proceed with operative intervention, the choice of open versus thoracoscopic approach must be made with 2 primary goals in mind: (1) complete evacuation of potentially infected fluid and/or material and (2) complete re-expansion of the lung. With either approach, the main technical considerations include safe access into the chest, drainage of pleural space, and maneuvers to allow full expansion of lung (ie, release of inferior pulmonary ligament) resulting in obliteration of dead space in the hemithorax. By definition, stage II empyema does not have an organized pleural peel and thus formal decortication is not necessary. However in clinical practice, however, patients rarely present with a ''pure'' stage II empyema but rather a ''mixed stage'' with areas of fibrinous organization on the pleural surface.
Since its introduction, the definition of what constitutes a VATS procedure has been debated. It is our opinion that the distinguishing feature of VATS is the absence of rib spreading with avoidance of retractors or instruments that place pressure on the underlying intercostal neurovascular bundle. In our view, the number or size of incisions used for port access is less important than rib distraction.
POTENTIAL BENEFITS OF VATS OVER OPEN THORACOTOMY
The literature supports multiple benefits of VATS for many clinical applications in the treatment of pulmonary, pleural, esophageal, and mediastinal disease. 87 Specific benefits that have been demonstrated when comparing VATS treatment of acute empyema versus thoracotomy include improved postoperative pain control, shorter length of stay, less blood loss, less respiratory compromise, and reduction in postoperative complications including 30-day mortality. 88 Another factor in favor of the VATS approach is its lower cost compared with open thoracotomy. Although not studied specifically in the setting of empyema, VATS has been shown in 3 large retrospective database analyses to afford significant cost savings for both pulmonary wedge resections and lobectomies compared with open thoracotomy.
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POTENTIAL HARM OF VATS OVER OPEN THORACOTOMY
In the majority of patients, there is relatively little potential harm with VATS as an initial intervention, given the overall safety profile of diagnostic thoracoscopy coupled with the relative ease of conversion to open thoracotomy if needed. Potential contraindications to VATS include inability to tolerate one-lung ventilation and severe coagulopathy. The potential drawbacks of VATS include increased operative time, increased cost, steeper learning curve, and incomplete therapy, requiring additional procedures. However many of the studies endorsing these caveats, however, were performed before advancements in technology, industry, surgical training/familiarity, and other historical factors, which over time have been ameliorated. 92 SUMMARY OF RELEVANT AVAILABLE EVIDENCE Quality: Retrospective, Cohort (LOE B)/Quantity: 10þ Studies/Consistency: Satisfactory Chambers et al 89 reviewed 14 studies to specifically address the question of VATS versus open approach to adults with empyema. The majority of studies analyzed were single-institution, retrospective cohort studies with number of patients studied ranging from 48 to 420 and most groups included a mix of stage II and stage III empyema. The outcomes of these studies were consistent in demonstrating that VATS offers superior clinical outcomes in terms of treatment of empyema while also resulting in decreased length of stay, less pain, and less overall morbidity.
As with any situation that lacks Level A randomized controlled data, there are several limitations to these studies that should be considered. First, the stage of empyema treated was varied among studies and often within the same study, making direct comparison of outcomes problematic. Given the variability in empyema stages and 93 The concept of ''preprocedure probability'' of conversion to open thoracotomy will understandably sway surgeons in the decision to consider a VATS attempt, as well as influence the length of thoracoscopic time tolerated before opening. Interestingly in the study Tong and colleagues, 93 when the population of patients who required conversion to open were compared with successful VATS procedures, there were no significant differences in preoperative factors such as previous cardiac or general thoracic procedures. In addition, surgeons with less VATS experience may be justifiably inclined to forgo VATS or allot less time for thoracoscopic advancement of procedure before converting to open. Shahin and colleagues 90 demonstrated their own departmental learning curve over 3 years beginning with the introduction of VATS at their institution. Given favorable results with increasing VATS experience, this group considers VATS its first choice of therapy for not just acute/early empyema but also advanced stages of disease, given the value of diagnosis and procedural planning in the event that definitive treatment is not achieved.
EXPERT CLINICAL OPINION
One of the major decision points during any attempted VATS procedure is when to convert to an open thoracotomy. Uncontrollable bleeding, injury to structures not amenable to thoracoscopic repair, and acute intolerance of singlelung ventilation are universal indications for immediate conversion to thoracotomy. With respect to empyema, 2 additional factors that should prompt consideration for conversion are lack of surgical progression and failure to ultimately achieve the 2 goals of empyema therapy (evacuation and expansion). Published conversion rates widely range from 0% to 41%, with the largest study from the group at Duke, who reported a rate of 11.4%. 89, 93 With regard to progression, there are no studies to date that define a specific time limit after which surgeons should abort VATS in lieu of thoracotomy. Rather, most authors are subjective in stating that thoracotomy should be performed if VATS is not successful in a ''timely fashion,'' which leaves the threshold for conversion to the individual judgment of each surgeon.
Empyema can be described as having a ''triphasic'' nature of disease as it progresses through its 3 stages and a step-wise approach to invasive management involving tube thoracostomy, VATS and open thoracotomy logically parallels. After review of the available literature on the management of stage II and mixed (II/III) empyema, however, we recommend that VATS should be the first-line approach (see Figure 2) . We anticipate an increasing adoption of VATS as a first-line therapy for all stages of empyema as larger studies are performed, and also as surgeons gain increasing experience and comfort with video-assisted surgical procedures.
CHRONIC EMPYEMA Overview
In the third stage of empyema, the turbid thick fluid of stage II begins to organize and form granulation tissue. The granulation tissue and the underlying inflammation of the infectiousness process leads to formation of a peel compressing the visceral pleural surface. Continuation of this process leads to contraction of the hemithorax with rib space narrowing and a mediastinal shift to the effected side.
The principals of treatment of this chronic space necessitate surgical intervention as pleural drainage procedures are no longer effective at this stage. Effective surgical treatment requires removal of purulent collections and debridement of infected tissue followed by obliteration of the empyema space to prevent recurrence. The choice of the initial approach is dictated based on the condition of the patient, pleural space, and underlying lung parenchyma ( Figure 3 ).
CHRONIC EMPYEMA: DECORTICATION Recommendations
Class IIa: Decortication is reasonable in patients with
chronic empyemas who are medically operable to tolerate major thoracic surgery (LOE B). 2. Class IIb: There is no compelling evidence that epidural catheters cannot be used safely in patients with chronic empyema if they are otherwise low risk for epidural abscess (LOE C).
Reasoning. Decortication involves peeling off the granulation tissue and/or fibrous peel overlying the visceral and at times parietal pleura to allow for expansion as well debridement of infected tissue. Frankly necrotic lung parenchyma can be resected if warranted. There are limited data to suggest which cases of parenchymal resection are needed but patients with frank abscess serving as sources of sepsis or those with other symptomatology such as hemoptysis should undergo resection. 91, 94 Extensive resections are to be avoided as much as possible because bronchial stumps in infected fields are prone to fistulize. If bronchopleural fistulas (BPFs) are present, they should be closed if possible. However in cases in which lung is resected or fistulas are present, however, muscle flaps may be appropriate for closing the fistula and/or filling in space from incomplete expansion of lung or needed parenchymal resection. Limited studies have examined the functional impact of decortication of chronic empyema on lung function and performance status.
POTENTIAL BENEFITS OF EPIDURAL ANESTHESIA FOR POSTOPERATIVE PAIN CONTROL
It is well accepted that the use of an epidural catheter for central analgesia improves pain and postoperative function after thoracic surgery. However the use of epidural catheters in patients with empyema, however, generally has been avoided, given the risk of developing an epidural abscess. In general, the 3 main risk factors associated with the development of an epidural abscess of any etiology are compromised immunity, physical disruption of spinal column, and a definitive source of infection. 95 To date, however, there have been no studies causally linking epidural abscess to placement of epidural catheter in the presence of empyema.
POTENTIAL HARM OF EPIDURAL ANESTHESIA FOR POSTOPERATIVE PAIN CONTROL
One of the most feared complications of placement of an epidural catheter is the development of an epidural abscess. The rate of this occurrence in all populations range from 1.1 in 100,000 patients to as frequent as 1 in 1930 patients. 96 Epidural abscess may be a rare event but its consequences are severe, including septic shock and paralysis. Studies specifically examining the incidence or risk of epidural abscess after epidural placement in patients with empyema are difficult to perform, given the overall low incidence of epidural abscess and understandable reluctance to attempt catheter insertion in the setting of pleural space infection. require the placement of tissue flaps (omentum or muscle) to prevent the reaccumulation of infected pleural fluid. Muscle flaps also have been used to help close BPFs. 91, 97, 98 Any extrathoracic muscle can be used and common pedicled flaps include the serratus anterior, latissimus dorsi, and the pectoralis major. Other lower abdominal muscle groups can also be used as complex muscle flaps, but their use should be limited to when chest wall musculature is not available. Omental flaps also can be used. [99] [100] [101] Potential advantages of omental flaps include their inherent wound healing properties. However omental harvest, however, requires abdominal entry, which could lead to another infected cavity. Muscle flaps are best applied in relatively clean wounds devoid of frank purulence. They may be placed at the first operation or reserved after the thoracic cavity has been debridement with fresh granulation tissue through open thoracic window techniques.
Adjunctive measures to decrease the size of the thoracic cavity include pleural tenting and thoracoplasty. 91, 102 Experience with pleural tenting in patients with nonmycobacterium tuberculosis empyemas is limited. More drastic measures for decreasing the pleural cavity space involves resection of the portions of several ribs. Schede thoracoplasty and its more modern versions are morbid and disfiguring. Thoracoplasty is reserved in extreme cases in which previous muscle flaps or open thoracic window techniques have failed. 103 CHRONIC EMPYEMA: PROLONGED TREATMENT MEASURES Open Thoracic Window Recommendation. Class IIa: Open thoracic window with marsupialization of the infected thoracic cavity with resection of several ribs and dressing changes is reasonable to be performed in patients with chronic empyema who are medically unfit to tolerate decortication and tissue flap placement or those patients with chronic empyema with a BPF (LOE C).
Wound Vacuum-Assisted Closure (VAC) Device Recommendation. Class IIb: Wound VACs may be a reasonable alternative to daily dressing changes to debride chronic pleural cavities that are being treated with an open thoracic window. Caution should be exercised in placing VACs when there is a BPF or visceral pleural rents leading to large air leaks (LOE C).
Empyema Tube
Recommendation. Class IIb: An empyema tube draining a chronic empyema cavity may be considered in draining chronic infections in which there is a small persistently infected space or small BPF, especially in those patients who are medically unfit to tolerate decortication and tissue flap placement (LOE C). Reasoning. Patients with chronic empyema often are debilitated or have a BPF, leading to an uncontrolled empyema. These patients often are unable to tolerate an extensive decortication with or without parenchymal resection or tissue flap placement for fistula control. The presence of a BPF may also create a grossly infected space that may need to be controlled before definitive operative repair with decortication and tissue flap placement. 91, 97, 98, 104 The creation of an open thoracic window allows for this infectious and fistula control either definitely or as part of a stepwise operative plan to definitive surgical treatment of the space. The open thoracic window is created with the creation of marsupialized pleural cavity after the resection of rib space. Patients subsequently undergo dressing changes until the open infected cavity is debrided and the wound begins to form granulation tissue. Recent single-institution studies have evaluated VAC dressing placement as an alternative to dressing changes. By placing a closedsuction sponge device into an infected cavity, VACs drainage may provide superior debridement of infected tissue and promotion granulation tissue formation with less patient discomfort due to less frequent need for VAC sponge changes. [105] [106] [107] Caution, however, should be exercised when placing VACs where a BPF or rents in the visceral pleura of the lung lead to substantial air leaks. In these settings, respiratory compromise may result from suctioning if the significant portions of the patient's lung volume. The placement of nonadherent material to seal the air leaks such as Vaseline Petrolatum Gauze (Unilever US, Inc, Englewood Cliffs, NJ) or similar material may allow for VAC use in these settings. Further investigation of this technology clearly is warranted.
Similar to open thoracic windows, pleural drainage catheters such as chest tubes may be left in chronic empyema cavities to drain infected fluid from pleural cavities with incomplete lung expansion. These tubes may be placed at the time of surgical decortication or as a first measure to drainage a chronic empyema in a medically unfit patient. 40, 71, 98, 108 Large infected pleural cavities may best be drained with an open thoracic window, especially if grossly infected tissue is encountered or a BPF is present. This particularly holds if lung expansion through decortication or tissue placement to cover the BPF is not possible.
POSTRESECTIONAL EMPYEMA Postpneumonectomy Empyema
Recommendations. Class I: Prompt intervention to identify or rule out the presence of a BPF and provide drainage of sepsis is recommended in patients suspected of having postpneumonectomy empyema (LOE C).
Class IIa: An aggressive surgical approach that includes antibiotics, serial debridement, closure of the BPF when present, and obliteration of the residual pleural space using vascularized tissue transposition is a reasonable strategy to manage postpneumonectomy empyema (LOE C). Reasoning. Infection of the empty pleural space after a pneumonectomy is a serious and potentially fatal complication, with a reported mortality of 28% to 50%. 109, 110 The incidence of postpneumonectomy empyema is 5% after standard pneumonectomy and 10% after completion pneumonectomy. [111] [112] [113] BPF is found in more than 80% of cases of postpneumonectomy empyema.
The first priority in a patient presenting with postpneumonectomy empyema is to identify the presence or absence of a BPF. A fistula should be presumed to be present until an accurate determination can be made by performing flexible bronchoscopy with the patient under local anesthesia in a semiupright position. If the patient presents acutely with clinical features of a BPF, contralateral pneumonitis, and respiratory distress, initial management begins with emergency chest tube drainage of the cavity to control infection and stop contralateral spillage. 114 The patient preferentially should be positioned in the lateral decubitus position, with the pneumonectomy side down until drainage of the pleural space is obtained. In the patient with empyema without BPF, initial management follows the well-established rules for managing any abscess. These include adequate pleural drainage, appropriate parenteral antibiotics, removal of necrotic and infected tissue, and obliteration of the residual pleural space. 115, 116 There are no randomized or prospective studies that analyzed the best strategy to manage postpneumonectomy empyema, so the recommendations are based on singleinstitution retrospective studies and expert opinion. The most commonly used method of treatment is a modification of that originally described by Clagett and Geraci. 117 The Clagett procedure as originally described is a 2-stage procedure with open pleural drainage, frequent wet-to-dry dressing changes, and then, when the thorax is clean, secondary chest wall closure with obliteration of the pleural cavity with an antibiotic solution. If a BPF is present, an attempt should be made at the time of debridement of the empyema space to locate and reclose the open bronchial stump. Even if the BPF has developed relatively soon after the pneumonectomy, identification of the bronchial stump can be technically challenging because of the rapid effacement of the hilar structures. Filling the chest cavity with a small amount of saline and having the anesthetist ventilate the bronchial stump can help identify a stream of air bubbles that can be followed to the bronchial stump.
The same principles that should be observed to minimize the chances of developing a postpneumonectomy BPF also should be observed carefully when reclosing the bronchus: (1) Minimize trauma to the end of the bronchus. (2) 120 reported on a series of 75 consecutive patients with postpneumonectomy empyema who were treated successfully in Poland and Switzerland using a similar protocol of serial open surgical debridement of the empyema space, temporary closure of the chest with negative pressure wound therapy, and iodine-soaked dressings. If present, BPFs were closed and reinforced with tissue. In 95% of patients, the chest could be closed definitively after filling the chest with an antibiotic solution. Postpneumonectomy empyema was treated successfully in 97.3% of patients, with 10 patients requiring a second treatment cycle. Ninety-day mortality was 4%.
EMPYEMA ASSOCIATED WITH BPF Recommendations
1. Class IIa: Closure of BPFs should be attempted with a combination of primary closure and buttressing with a wellvascularized transposed soft-tissue pedicle (LOE C). 2. Class IIb: Transposition of the omentum is preferred over skeletal muscle flaps or mediastinal soft tissue, and this should be attempted after the purulent fluid has been drained completely and the pleural cavity has a surface of granulation tissue (LOE C).
Historically, BPF developed frequently after pulmonary resections with reported rates of 28% in an era when procedures were being performed primarily for complications related to tuberculosis infections and at a time when less-effective antibiotics were available. More contemporaneously, BPF have still been noted to occur at a frequency of 0.7% to 7.5% after pulmonary resections. [121] [122] [123] The risk for a BPF complicating a lobectomy is less than for pneumonectomy. 124 Reported risk factors for BPF include an index operation for benign disease, right pneumonectomy, completion pneumonectomy, diminished pulmonary reserve, and an extended lymph node dissection. 124 To date, there have been no prospective studies evaluating different treatment strategies for managing BPF, and our current literature is limited to singleinstitution retrospective case series. An empyema associated with a BPF most often is described after the performance of a pneumonectomy. Less often, BPF have been reported after a lobectomy. Closure devices. Bronchoscopic interventions to manage BPF have been attempted in some centers with variable results. In a series by Jiang and colleagues 125 that included a total of 58 had a pneumonecotmy patients, 8 developed a BPF. Attempts to repair the fistula with endoscopic embolization occurred in 5 patients, but this was unsuccessful in each case 125 ; however, several case reports and small series have described the use of various devices for the closure of BPF after anatomic lung resections. Amplatzer vascular occlusion devices with or without the addition of bioglue has been used successfully. [126] [127] [128] Other bronchoscopic techniques including cyanoacrylate-based glue, fibrin compounds, gelatin sponges, chemical cautery, endobronchial silicon spigots, and submucosal injection of tissue expanders have been used in small numbers of cases Fistula associated with necrotizing pneumonia. BPFs associated with thoracic infections occur in the majority of patients after anatomical surgical resections. Less frequently, fistulae occur spontaneously in the setting of a necrotizing pneumonia. In children, fistulae in this setting traditionally has been managed with prolonged chest tube duration. 129 A more recently described approach to this situation was the rotation of a single segment of the serratus anterior muscle into the chest cavity to close the fistula at the time of a thoracoscopic debridement. In a series of 20 pediatric patients, the median time until resolution of fever was 2 days, and the postoperative length of stay was 9 days.
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Management of the residual thoracic space. 1. Class IIb: Primary chest closure should be attempted with the chest cavity filled with antibiotic solution after granulation tissue has formed in the chest cavity and if the patient is medically fit to undergo another operation (LOE B). 2. Class IIa: The creation of a permanent open thoracostomy window is an acceptable treatment strategy for patients treated for an empyema with a recurrent or persistent BPF who are medically unfit for another operation or for those with recurrent cancer (LOE C).
Three general approaches for management of the thoracic space have been described. The first is a permanent open thoracostomy window. Second, after the infection has been adequately drained, the space can be closed and filled with antibiotic solution. The third option requires obliteration of the thoracic space using soft-tissue muscle or omental flaps with or without the addition of a partial thoracoplasty.
Eloesser 131 is credited with the creation of a one-way soft-tissue flap valve to allow drainage of pleural fluid while preventing the re-entrance of air. This procedure required the partial resection of 2 to 3 ribs and creating a U-shaped soft-tissue flap that was folded into the chest cavity. Although others have been unable to recapitulate these results, many have adopted a modified version of this operation with an inverted U-shaped muscle flap. The objective of this thoracostomy window is to allow dependent drainage of the pleural space and to provide access to the thoracic cavity for frequent packing.
In a large case series by Puskas and colleagues, 121 31 patients were treated for empyema associated with BPF after a pneumonectomy. In 16 patients, the thoracic space was obliterated at the time of initial drainage using the omentum of muscle with or without the addition of a partial thoracoplasty. The remaining cavities resolved in 5 patients with adequate drainage and were still open in another 9 patients at the time of last follow-up. One patient was lost to follow-up. The Clagett procedure was performed in 10 patients after the BPF was closed successfully. Six patients successfully cleared the pleural space infection after a single Clagett procedure, and the other 4 patients underwent 2 to 5 procedures in attempt to sterilize the chest cavity. Two patients were able to have their chest permanently closed, one required a permanent thoracostomy window, and one patient died.
Permanent drainage of an infected thoracic space also can be achieved by the creation of an open thoracostomy window. This may be a permanent drainage solution for the infected space or may be later closed with a muscle transposition flap or omental pedicle. In a single-institution retrospective series by Regnard and colleagues, 122 46 patients with postresection empyemas were treated with open thoracostomy windows. Fourteen of these patients also had a concomitant BPF. An open thoracostomy window was the definitive treatment for 10 patients, but in only one case the window closed spontaneously. The remaining patients developed recurrent cancer or were thought to have prohibitive operative risks and did not undergo closure. Thirty-six patients underwent closure with muscle or omental transposition flaps. Three deaths occurred within the first 6 months. Two of these deaths were related to a recurrent empyema and sepsis and one to recurrent cancer. Intrathoracic flap transpositions were successful in 27 (75%) of patients and in the remaining 9 patients (25%), the thoracostomy windows were reopened to drain recurrent infections. The presence of a BPF when the empyema was addressed did not impact the success of drainage with an open window thoracostomy or subsequent closure.
In a similar retrospective review of 31 patients with postpneumonectomy empyema, 26 of whom also had a BPF, treated with open thoracostomy windows, closure was attempted in 15 with either muscle transpositions undergoing closure of the thoracostomy window remained free from BPF and recurrent thoracic infection. Factors correlating with the successful closure of a thoracostomy window included the late development of an empyema and immediate creation of a thoracostomy window after identification of the empyema. Trends favoring a successful closure were observed among female patients, left-sided pneumonectomy, index operations for infectious processes, and neoadjuvant chemotherapy but none of these factors were statistically significant. 123 
PEDIATRICS Recommendations
1. Class I: Tube thoracostomy with or without the subsequent instillation of fibrinolytic agents should be attempted as the initial treatment for pediatric patients with an empyema (LOE A). 2. Class IIa: Thoracoscopic debridement and drainage is recommended in pediatric patients not responding adequately to tube thoracostomy and fibrinolytic instillation (LOE B). 3. Class IIa: VATS debridement is preferred rather than open thoracotomy for the surgical management of empyema in the pediatric population (LOE C).
The management of pediatric patients with empyema remains controversial. Some advocate a conservative approach with prolonged chest tube placement and treatment with antibiotics. Others recommend more aggressive surgical intervention, and still others advocate an intermediary approach with the instillation of fibrinolytic agents through chest tubes. A meta-analysis reviewing the existing literature included 54 different studies published between 1981 and 2004 with a total of 3418 patients reviewed. 129 There were no prospective studies available for review at that time. Patients treated initially with nonoperative therapy (n ¼ 3418) that included antibiotics, thoracentesis, or tube thoracostomy had an aggregate mortality of 3.3% with an overall treatment failure rate of 23.6%. Among those who did not respond to nonoperative treatment, 76.7% underwent at thoracotomy and 11.2% had a VATS procedure. The treatment was not specific in the remainder of cases. Patients who were treated primarily with fibrinolytic agents (n ¼ 64) had no mortalities and a failure rate of 9.3%. Patients treated with primary surgery (n ¼ 363) had no perioperative deaths and a failure rate of 2.5%. In addition, the length of stay for patients treated with primary surgery (10.8 days) was less than that for patients treated with primary medical therapy (20.0 days). When the surgical approach of thoracotomy versus VATS was compared, patients undergoing VATS procedures had a conversion to thoracotomy rate of 1.1% and a failure rate of 2.8% which compared favorably with patients undergoing an initial thoracotomy, which was associated with a 3.3% failure rate.
More recently a multi-institutional prospective randomized study compared the outcomes of 103 pediatric patients with empyema who were treated with either a thoracostomy tube followed by urokinase or a VATS procedure. 132 Importantly, this study included only patients 15 years old that required thoracostomy tube drainage of a parapneumonic effusion that also had sonographic evidence of septations. The objective of the VATS exploration was to disrupt pleural septations, drain purulent fluid, and irrigate the thoracic cavity but did not include an attempt to completely decorticate the lung. Patients receiving urokinase received twice daily doses of the fibrinolytic agent for 3 days. There were no differences identified between the urokinase and the VATS group with regard to the posttreatment length of hospital stay (10 vs 9 days), total length of hospital stay (14 vs 13 days), or febrile days after treatment (4 vs 6 days) respectively. Secondary interventions were necessary in 15% and 10% of the VATS and urokinase groups, respectively.
Three other prospective randomized studies also have compared outcomes of pediatric patients treated with initial VATS debridement to tube thoracostomy and fibrinolytics. There were no mortalities in either of the treatment groups in any study. Primary outcomes in each of these 3 studies were hospital length of stay, which were not different between the 2 groups in 2 of the studies (6 vs 6 days and 6.9 vs 8.8 days), 133, 134 but the length of stay was significantly less in the VATS group in one (5.8 vs 13.3 days). 135 Two studies measured length until fever resolution and there was no difference in one study (3.1 vs 3.8 days) (P ¼.46), 133 but was different in the other (2.8 vs 9.6 days) (P <.001). 135 Sonnappa and colleagues 134 compared the cost of primary VATS debridment versus tube thoracostomy with fibrinolytics and found that although there was no difference in the hospital length of stay, the overall cost associated with VATS was greater than for patients treated with fibrinolytics ($11,379 vs $9127 respectively, P <.001). 134 Similarly, Kurt and colleagues 135 found that fibrinolytic treatment was less costly than VATS ($7600 vs $11,700 respectively, P ¼.02), but St. Peter and colleagues 133 found no difference in cost between VATS and fibrinolytics ($19,714 vs $21,947, respectively, P ¼ 312). 133, 135 There were several critical differences in study design. In the study of Kurt and colleagues, 135 which evaluated a total of 18 patients, the nonoperative group received a chest tube and was later treated with fibrinolytic agents if necessary for incomplete drainage of the pleural fluid. If patients did not have adequate resolution of the effusion, additional catheters were placed for instillation of fibrinolytic agents. In the studies of Sonnappa and colleagues 134 and St. Peter and colleagues, 133 which enrolled 60 and 36 patients respectively, fibrinolytic agents were administered by protocol immediately after the chest tube was placed. Another potentially important difference between the 3 studies was the fact that a different fibrinolytic agent was used in each study.
A systematic review of 44 retrospective studies that compared different treatment strategies. The outcomes of patients treated with chest tube alone (16 studies, 611 patients), chest tube with fibrinolytics (10 studies, 83 patients), VATS (22 studies, 449 patients), and thoracotomy (13 studies, 226 patients). 136 This review identified a shorter length of hospital stay among patients treated with either VATS or thoracotomy compared with those treated nonoperatively. There was also a trend toward a shorter duration of fever among surgically treated patients. The authors concluded that the weight of evidence in these numerous retrospective studies favored early surgical treatment for pediatric patients with empyema.
In the systematic review by Gates and colleagues, 136 the postoperative length of stay in the VATS and thoracotomy groups were 10.5 and 9.9 days, respectively. Importantly, there were a greater number of studies reviewed reporting the outcomes of patients treated with VATS compared with thoracotomy, and there was a strong trend toward more VATS publications in recent years. Prospective randomized studies have all compared VATS, rather than thoracotomy procedures to chest tube with fibrinolytics. This implies a general shift among practicing surgeons away from open thoracotomy to VATS for the surgical management of empyema.
